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Abstract of JP2004002850 

<P>PROBLEM TO BE SOLVED: To provide a 



new non-enveloping approach for solubilizing 
nanotubes, such as carbon nanotubes, in an 
organic solvent and an inorganic solvent. 
<P>SOLUTION: According to an embodiment of 
the invention, the surface of a carbon nanotube is 
functionalized in a non-enveloping mode by a 
functional conjugated polymer having functional 
groups for solubilizing a nanotube of this kind. 
Various embodiments provide a polymer which is 
non-covalently bonded to a carbon nanotube in a 
non-enveloping mode. For example, there are 
provided various embodiments each containing a 
carbon nanotube and a polymer having a 
relatively rigid skeletal structure suitable for being 
non-covalently bonded thereto, not around the 
diameter of the nanotube but substantially in its 
longitudinal direction. In the case of a preferable 
polymer, the interaction between the polymer 
skeletal structure and the nanotube surface is 
parallel [pi]-stacking. The polymer further 
contains at least one functional part, which is one 
of various desired functional groups suitable for 
solubilizing a carbon nanotube, as an extension 
part of the skeletal structure. <P>COPYRIGHT: 
(C)2004,JPO 
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* - -f J ^ a - 7 t IS tf ft < © tc a L It, Jt $5 W M 14 * # $ * # tr , tt 4 & # y - 
0*jSfiJBJBtfiI#SftSo »*LV#yv--pt4, *'Jv-HStt;f i-7SItO 
IHi(D±S**iSf^ffltt, ¥ff 7 + >^t-fe5 0 c © J: 5 &fflS<tffl«, 40 

§o *«W©^«SJBfl8Kfci/'>TfiJffl-PtS«ttSi:e^Lfemtt*d?y"7-©^Ji:UTf4 

, (cnetussnstofiift^tf) # u (7'j-i/>xf-v>) fc^ri^u (3 
-f->ii/f*7i» # * tf e> ft 5 0 * a m © n m m k. * ft # , # y v - it , # $g & 

8 © 3 ^©^-fftfrSr^fro 
[0018] 

«bb© 1 -o(ommBmvit. y-/?-a-:/©pj8ft:£a;tfM*£ftSo cossb, 

S^Wffi«T'^/^a-yiCp»W*S^WlC*g^-r5^UV- (iLfdi'J?-ttt/f 50 
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a _ 7 £ pj ^itt •§> tz tb © 'P ft < b io<DfcffcteaB#%£tf) ^^-y^a-7'i:g^-r 
i> i: £ $ ty <, *WH»K43^T, rjg^j a r jo ^. * j ct, r ffl * 5 j ct, 

ft «k tf '> ft < £ fc 1 OOt/fa-?C>ft< fcfe 1 IO#y7-t««t5PJ«Olffi 
[0019] 

ii.-7fci3Jjgfc-f.5fc 46© '>ft< b & i-o©-g^14g|S#£#t? 0 
[ 0 0 2 0 ] 

gij © H SB tt T- (i , r§ * T- '> ft < b & 1 o © / f- a - 7 * '> ft < t 1 « © # U v - 10 

<fc < , ffi<D&«5jejn*«, »8ftt*tt»»t*£A,-et>j:^o s £ k <t t> t , t © '> ft < t 

t> 1 lOl'Jv-tt, * © '> ft < H 1 CXD^-y^i-^t^SSW^^tCfc^TlfK* 
IS a W IS £ % ff$ IS L , o * © '> ft < H 1 » © sK U v - « , 'p ft < i: 1 octyfi 

[ 0 0 2 1 ] 

J?J © ft SS 18 T* tt , #-#>*/^n-7*Rr»{b-fS£8;#ffi#£ttSo C © 7? ?£ fi , 
« JK * T* '> ft < tt 10(D*-*>t/fi-r§'>ft< b «, 100*>J?-tI^f « 

X' ti , ?3 ^ « 7|< ft }g £ A, T* £> <fc <> C © 73 ffi ti , « X £ -y + > y J: o T '> ft < £ t 20 

2k * © '> ft < ti> 1 o © # U v - ^ © '> ft < fcfe 1 1 <D - # y i- y =?- * - 7 m 

[ 0 0 2 2 ] 

J-X±> ttTfc«<*«lJ!©l¥»ftKiSff«k D J: <«f**tt«J:3 *5S H © W ft *J <fc t>* 
StBWftffljSS^^lKiFUcWiitfc. *fgB^©«Ff i FW*©IBH©±^^»^r^*^0fl© 
$ 5 ft 5«r Sife J: tffflj£lco^T, KTCit^J, C C K^-r»«*5<fe tf ftfttt&SSJBffi 

«SKfijffl*n»s<:fctt3ii#Ki!»?ns'<*T-ifeSo £ ft . ^©ct^ftisi^ftM 

ft<*ft9i©ttttM$©l6H£lSfl£tt«a9§©&8fcJ:tfM& 5^41^ t tSlt 30 
ttlUPtS^f T?*5, T*&3fc#*5ft38r81ft«F«tt, #1 $ fc J; J£ 

ft TjffiO^-fnfco^T t>, *^^©fl!!© B Wfc<fc ft A b b t IC, WT©E«*8Sf*H 
ffii: H»ttttT#*f 5 d ic <fc D -S J: < 3#sn3-efc5 3. LfrU SHIfttA* 
fe'<tD*l«W©BW©?*fc*5^T«/n5n5t©T*fe0, *58iP3©IEBI*:lfi£-fSJ£«fcL 

[ 0 0 2 3 ] 

[ 0 0 2 4 ] 

*%w<Dm* znmmzjLmmffiicmLTisimt §, # f§ w © ii m mu* , ^-y^a-^ 40 

Ttftf ;b^^t„ 12 BB12 A * ^ 7^1" J; o \z L T ffl h ft § EI 2 A©ttSHT'<£>£o 
c © tW »c 7* * J: 3 fc , i)-t;>t/fa-7 (J:!?*^Wtc{i<:©^iT'fi#®^y^a- 
7 ) 2018, cnilPa8WliCfc^Tgfflt<*'Jv- 2 0 2 ^tt5, 
[ 0 0 2 5 ] 

# y v - 2 o 2 a tt r w m 14 ft # +s 2 o 3£##, cm*, *-t;>t/?i-72 o 1 50 
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ic w l s % v> it s © a o icv a. a < $ k w e * - * > ^ y ^ a - 7 2 0 1 © « # 73 ft t ft 

o TtStf f* < o Lfc o T, #Uv-202tt, ^SaWffiST' ( * ft « , H^ilft ( 
a - 7 2 0 1 t tS tf ft < o :<D«Ttt, ffi2 0 31it/f 0 1 t ( 0J * tf » ^ 

3 tt , ^KW^^/^a-72 0 1(D«^7j|pJ{C^oT5Ia*T*5t), *'j7-t«2 0 3 

(ha 1 f-d i ame t e r) Z M iL X Mlf % £ £ li % ^ a 0>J * & . t« 2 0 3ttt^ 
iC W\ 14 T' & 5 46 , / >4<Ht» 2 0 3 ©-»* , t/'fa-720 1 

IS f* ^ T ^ § fit B 2 0 6 A^iTt/fa-72 0 1 © it g © * ft (Jf;« r $ it ffi 10 
J ) 2 0 5 ^ix5gSfT*l&tf-5Lttf*^c *J?flOSI»»IIKffi?TSI«7t5« 

4 * # 2 o 3 © m f* w m it t± « * tc $ t> o m % w ( m *. a , nsgjBa&fcioTtt, t © 

<}: 5 & # t§ 2 0 3©-»ttlIg©¥#2 0 5 ^fixtft*St^TUl^ ! , ^ © fti! © 95 
^(it/fa-7 2 0 1 OfiI 2 0 6 lcifioTPS) , C©J;^j:ftS 2 0 3tt»$L< 

, t^5A„ H2A~2B©fiKjT?^*ftS«k'5K:, >+° V V - 2 0 2 © - g|5 ( fifl 
tf H h! 14 ( W h6 it ) Oi§»» 2 0 4 Afeitf 2 0 4 B) tt , t7fa-^201C| 
g © (5 £ ft $ fc ti * © - fl|S tC ft o T g tf T !/> T fe «t ^ ^\ # 'J V - 2 0 2 © # tS 2 0 3 
it. ffiKtt, t/f 0 1 OtISSCCi:tf4^1Stt»KimfP*«, 

[ 0 0 2 6 ] 20 
#UV-202tt, J&Kiltt ( * * tt ) OiSgP» 2 0 4 AfcJ;a'2 0 4 B ( * ft fi 

*-i>t/fa-72 o i £«&it*5fci&©ffiM©Mg©3-&©^-fft££A,T*fc 

<fc ^ ) &£#t&2 0 3fr&J£tf3li4fc$f£14 ( ^ *£14 ) ©MgP#£SA,T*fc«J:^„ * 

i«tcfe^Tf5ESiwt5i9t, *%w<o mmmmxit. t>-$yf y ^ a-? 2 
0 1 £ m ^ it -f ?> © tc )i l ft a ^ ;K i) v - 2 0 2fc$ft 0 

[ 0 0 2 7 ] 

# a & « si & k ft ^ t * - ■» y t y f- =l - y 2 0 1 t (m i£ n x 2 v * > 7 ms.r? m k 
±?t) eo'it < # y v- 2 0 2 © 1 oiDfij^ti, mm®. (M14) ©&«gflft 2 0 4 a 
*«k tf 2 0 4 K-kzoynmm** 0 Lfc«ii*0iHii*iE»K 3 > h o-/i/-r amao* 

DSt, #« 2 0 3 E o T SE i T' ? 5 l t T' 35 § o SSWffii"PA-^>t/fa-7 30 

t is tf < # y v - t* « > ? ©riiiitty v-agtcft#t5<oT-t°'j-7-±i;Ei?n 

ftflIOffijltW4Bli*3>hP-;l/f 5Ctli(i5frlCffl»K:ft5. # til 2 0 2 K ft 
oftc? Lftf ISOHHS^y hn-^tSCtEi!), ft « W 5 i/^fc , S tt rt - 
Jyfyfi-720 1 £ , fciO : /Sfc(itHl»A^P.^ft-S^€>Lft^lMti!OS«t 
. ^ © J: 5 £ *I £ / <>£ © J; ? £ ffl 5 ft ffl 1" £> *nc o ^ T , <fc!)£<©=i:'M3-;l/£ii 

[ 0 0 2 8 ] 

0#tt(Ol^t^i:t^T^«#LooA-^;>t/f a-7SB (HIS) tcSS&fl&tt 

£ An A 5 jS T- 5 o + ± IE © <fc o lc , A-^>^y^a-^ic«, ^ * if & $ 40 

^ * . L ft o T > t/f-a-7»ttOSi:A < ift'{T*«SLOOA-*>t 

y ^ a -7^ RlSfk L# 5 i: ^ o C i: tt, 0IJ *. « < © W (iltt «: II « -T 5. ffl 

y ^ a - 7tc J: o T fc fc 6 « ft 5RfrS©1f tt^*f § ( t * ft % r*tfij ) ©pfig© 

»jiR«j©^iSfcffifflT?#«o * © m © - gp * t % tc w t x m. w t % o 

[ 0 0 2 9 ] 

*-#y^-yf-a-y*nrjSfb-r5¥ffi©0>Ji:LT, w ^ a © $s ^ l hi) it ^ # y t - t* 

S55*iJ (*WllT*li ri j , r 3 j N r 4 J £&<*¥■&) ( 

Bunz, U. H. F. Chem. Rev. 2000. 100. 1605-1644 fc =fc 50 



(12) W JP 2004-2850 A 2004.1.8 

O'McQuade, D. T. flfi , J. Am. Chem. Soc. 2000, 122, 12 
389-1 2 3 9 0 # m o * fe , Cfte>0Mj*ttSR»<:J:r>T#(Bfc:»&$n£) tiitf 

# 'j (3-f f /*f*7i» ( * m m m t* it r 2 j 1 1 pf * > zmm Ltcmftzn* 
tz 0 m 3 a ~ 3 c a * ?g 91 <d n si & m v & % m * m # u v - m & * ^ -r . <t 0 a # w k « 
, m 3 a a , if«we^«K:*a»w»aiefe^TA-sK>-f/^a-'ri:<g^-rsfc» 
tffiffl*n»*tf>j^wa#u (7y-u>if-i/» c 5 ^ ;i/ r 1 j # ft s n t ^ * ) 

^'J^-IJgi&Sto 03A4'T*$n^^J^# , J^-«3g(i'S^1t<D®«g|5R l , R 2 

» JW T <0 1 a , lb, 1 c Sfttt 1 d i: LtiltSC t^T*t5. 
fib 5 3 10 



cither la, lb, lc, or Id shown hereafter: 
(1a) R,=R 4 =H. R 2 =R 3 =OC, 0 H 21 
(1b) R 1 =R 2 =R 3 =R 4 =F 

o 

(1c)R,=R4=H.R 2 =R 3 = 

20 




(1d) R,=R 4 =H, R 2 =R 3 = 

Fe 



o-^p^^p 



[ 0 0 3 0 ] 

tefflsnfcsjwoWiSMtfu ( 7 'J - u y x f- - v y ) ( 5 ^ ^ r 3 j £ n , * » 
» a r 3 j tfii'n^) Ji?'jv-flijfi*^-r 0 sm:, 130^ ##*r*§£Wic#s 
si w ai k fe ^ t * - # > * y f- a - 7 T- is £ ? § fc tb e ® m t n ?# 5 jh © m * w # y c 
7U-u>xf--b>) ( 7 ^ ;i/ r 4 j AMnti, * w n » t « r 4 j testis) # y 
v - & ^ t o 0 3 a ~ 3 c ic m ? m * w # y v - « it 1 » 3 fe * n 4 « , # y ( 7 x 

-b>x^-b>) 18 ii T* S , tOiSO*!) (7'J-l/>if^l/» S! fll ig fc * « 
( 0 0 3 1 ] 

C<nn<F>tl-#y-)-/?-2.-71ka\'f%{tt%>m2 A~2 BtitliPlSt, g| 3 A ~ 3 

c © fly 5* # y v - m s§ it , ^siwiicte^t^-^ >ty f 40 

M^t5f;*lClSt5Cttff f 5o UK, II 2 A ~ 2 B © M * W # ? ^ , ±IB 

13 AC-t: 1 ; v-OIii 1 a ^ L , ft ft Wlc « C tl fct , 1 a n = , . 5 - SWNT ( 
6 , 6) m&W (O^OT-Af I7SSWNT) Ztk? (Ltt'nIilOILST'feS 
) o * % qh « , # - 4? > ± / * a - r * pT mitt Sfc46t±^^Lft 1 a , 1 b , 1 c fe 

«t t>* i a ( s it « # y v - m 3£ 3 fe <k t>* 4 © -g m s ) © t m & k h s s n § * 5 k « « a 

( 0 0 3 2 ] 50 
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m 4 1± , ft a g w tt « tc *3 ^ t * - # > y a - 7 t ft n * is w e *s £ -r s ft 1 n 
S6*tiffs*'jv-iijfi<ogij©«ii&^-ro <£ 5 ft * w k a , 0 4 a , * « ub 0 & 5 n m 
m tc « ^ rm m ? ft f# s k a £ e b m m m ( r e g i o r e g u 1 a r ) %mm$v (3 

-f->;i/f*7i» ( =7 1 ;i/ r 2 j *M\t £ ft T <^ 5 ) <o 1 -o^m^^mm^fnt o 
[ 0 0 3 3 ] 

CtlStOttl (D a 1 t o n, Star, £ 0 ' Connel 1, M . J. 6 # 88 
) i: tt 8S W fc , ± IS <D 1 > 2 , 3 *5 J: tf 4 <0 # & » WJ ft T* , SWN TCDjUOf^'StyC. t 

# t * , >t° u v - * $ t -f j * a - 7 * ffi o ibb o ± s ft ffl s ffl a ¥ n n X * -y * > 7 

U f-a-r«iBi:IIBO±Ra«Sffffltt¥fiJi X* -y*>^T'fei.„ ¥ff 10 

n 7, t ^ *y 7&ftPi^&%W1fc&<D \ ~D<D Z J -?T*lib% <, Chen, R. J. flS , J. 
Am. Chem. Soc., 2001, 1 23, 3838~3839#^o ; eOf»f1^tiB 

r k «k o t * r tc m & * n § o *««tK*tfsa, c 5 t fe 4-° u v - tt m m t r m m 

mm (CHC 1 3 , t a a <y ■£ > % Z) K.m* & # J 7 <D * - tf> i- s * - *®m 

°i m t -r s ( rj % it ) t, © t? 35 o , end, # u v - s & -e -r * x * >y * > y tc * ^ t 

[ 0 0 3 4 ] 

it LTf ifntf> SWNTIi, iKI^UfrO/Sfcttlf ffiiffili, CHC1 
3 4> t? l ( 0<J A fcf 1 a , lb, 1 c g L < ii 1 d ) , 2, 3*fc«4i:g^"t§Ci:lc«J: 
D , S^lcoJ^ft^ftSo SWNTs H , p c 0 ( "T & ft % , Hi PcoSCiottl 20 
fftfcSWNT) *iS*t5<!)li:iJSS:SWNTs„ , P e „ Oi^llit ( W R , n , 
, , a i ) « * 1:SWNTs H ipco> 2:SWNTs H ipco% 3 : SWNTs 
H i P c o , 3: ft 4 : SWNTsh i Pc o * s ^0. 4T'feD, $ ft > CHC 1 3 
WNTs H i p c 0 ® ® * M & 1 d!CO^TS5mg/mlT'$5 ( C ft fct # # SS 
Wlift(cJ:5t<9t LTtitigitSWNT s H , P c „ Oit»S^i8)IIS*it) 
o fi»J t L T ^ if ft li\ 5. 4mg01 a#«ETCl 3. 6mg©SWNTs HIPco ^ 
CHC 1 3 6. 8ml ICigStSLiliii^f, 20. 4 ra g O 1 dSftTlC20. 4mg 
cOSWNTs H iPco ; 2:CHCl3 4. 0m 1 fc t 5 C t t' t 5„ SWNTs, 
a s e r (t4t>5, U-1f-acJ:oTta?nftSWNT) JJiffSWNTs , r e 

5mg/mlT'*So SWNT©SJM14li> ^ U V - ft §it CD ft * 33 J: £ © g ifi ft IC J: 

os^caitiatffts, d*< fro/* •*•*«: 

[ 0 0 3 5 ] 

gij © t L T , SWNTIi, IS tT % A S ft , 4 4:S^-r5«ii:fi:i!3lW-r*>*'t'-eS 
S K Rl S $ ft § o 1?>J A fi\ SWNTs Hi Pcol3. 7mg* 1 3. 7mg©4(D# 
ftT, B#-f*>7j<6. 9ml tSitSCtiti^tSo 
[ 0 0 3 6 ] 

iU^UV- (1 a-1, n average =19. 5 ; 1 a - 2 , n average 
= 13;ib, n average =19;ic, n, » e , a g , = 1 9 ; 1 d) i', K 40 
JDC^iifCioT^filoSnP^ ?tlf;o Bunz, U. H. F. Chem. Rev. 20 
00, 100, 1 6 0 5 ~ 1 6 4 4 #Io ^ Ol^lif <t o t *IICfflji$nSo C 
Oi?ET*(i3lSOSWNT^f fflLft : 1) HI S H i Pco-SWNT ( TSWNTs 
hipcoJ ;CarbonNanotechnologies?±S) : 2 ) «l 8! U — If 
-^ftWiiSWNT ( TSWNTs , . s . r j ) ;*5«fct;3)"«i!!«*7-d'fiKfifll» 
SWNT ( TSWNTs, r C J ) 7-&5o 1 a-SWNTs H , p c 0 «°#^S&!¥ 
iOlliKTOlD : 1 4. 7mg©SWNTs H iPco^29. 4mlCHCl 3 4 1 
3 0»ra^gffiSaaL^^ftHi*cDMe>fti. 7 F^^ftSfiffi%?ffto^t/^T', 14. 7 m 
g <D 1 a^tox.?>i:, S4:A/ironnSW* ; FJSHf*t4»Li/^igi:3©*-PnI}Stc*r3fto 

»6ft ft & k i o~3 o»p^e^K5aa-r?.i:, 1 0B^±tct>ftoT*3nni(i so 
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ft a # tt« © * ^ e ft <d & £ l fc is « # » e> n fc o iioife©i^si*-t;>tyf a- 
? m m it fi tz a t « # # s& w t* & o , * e. ic s xh us ( w * ar » 1 o a w ± ) « ■ l t t tt 

«%^i;a^ofco3felS%*PTFE»il5jfl(?LSO. 2-0. 8/xm)lCJ:-?Tls]iK 
L, CHC 1 j KfiTtlfiTK*LT2 0. 6 m g <D S ^ H ft S it 7 -f A 

(buc ky) «) *»ft, 

[ 0 0 3 7 ] 

a02-SWNTs H i Pco^ 1c-SWNTsh i p c o ^ lb-SWNTs H i p 

e 0 , ld-SWNTs Hi pco>3-SWNTs H ,Pco^ la-SWNTs la 

, e r fe «fe t>* 1 a-SWNTs a r c O ^ T <0 P 3$ fC 33 § # JlR it 1 a-SWNTs H 

, P e o iC O ^ T <D ± IB # M h m X ^ 5 . lllfcfS©SWNT s„ , P e „ *> «fc tf C io 

VDUcS^iA-#>tyf a-7 (MWNT) tCHC 1 , + T* PI 81 BT S ft T* * S . 

l/^L> HBlftSSOSWNT s , r c «l^tt©¥li£ffl^3£^$£ft@r§?$i:ftc> 

tl*3„ en « ^ e> < , tyfa-7©j:07t;i'7 7Xij-t;>3-f 1 

[ 0 0 3 8 ] 

P T F ElI5I6J:(f CHC 1 3 Sti^Xx-yytiffiStcOl a S: Bfc £ f 5 J6 K ffl ^ ft: „ 
fifiiliQfr?. tt, S^Mtl*© l a : SWNTs H i p « 0 MMtt (WR, , n , , ) 
Itmo. 38-0. 4 OTSS^SIfftS. UttWRi n , t , a , lCft#Lft^ 0 
«^lf3llOl a : S W N T s H ; p e , fiJ6K*»JSWRf-iitt«TOiO?*« 
:i)WR initial =l. 00,WR ftnal =0. 40, 2 ) W R , n , t , 20 
. , = 0 . 40,WR finai =0. 38, 3)WR initial =0. 40, WR 
f , n a | = 0 . 3 9 o tOWfctttfSfi^tf, CHC I 3 >f? Tl j tf#45iB^Bn? 
tift < , *-:R>^/f-a-'/i:oeS^o^BliS»WKiia^Lfea^(**^lSL»5«:i: 

* % < * t % o 
[ 0 0 3 9 ] 

-#y^y^a-7*^Bi^ft-r?># , jv-^^#t-r§ 0 ^ijx.{f, isah, swnts h 

I R) X^^h;l/Ol^y77t*tt©t*S5, 15BB, 1 a-SWNTs H i p e 

o mmuimz^? b fria£xfmmi5.fcft ( i r) y >v <d mz ? ? ? x <d x & 30 

§ 0 »^Rr«X^^h;l/fc'J;t>*SI^3fi^^ (I R) x ^ 7 MWc <fc n «\ (05 bid) i 
a-SWNTs H , p c o <D^y Kf&jgte: (15 AO) SWNTs H i p c o * * © * ^ 

* h ;l/ t n ft E ifi ^ C * * t T *5 9 , CftfiSWNTsH i p c „ Olfiltf*^ 
-fc©ffi£#JBj££S*«fc*»£fta^cfc£^LT^«o K iR X ^ ^ h ;U J; tf 5 ^ 
>7.^^h;l/«DM#^e>«, 1 a-SWNTs H i p e . 4"0SS»iat)f frt'* 5 t 
% * ?> n 5 <, (I5BC) la-SVyNTsHiPco©*^^^^ 3. 5~2e 
V © H T* ( 0 5 A O ) SWNTsh i p « 0 © t © £ It ft 5 # ^ K /£ Wi -5f (Cfttt, * 

§ * ft g -f t T* & 5 o 

[ 0 0 4 0 ] 40 

l-SWNTs H , P e 0 $ £ ft TMt 5 n tc X V * - ft (^II^g=2 8. 3 M P a ; * 
y 71$ = 4 . 5 C P a ) tt „ *>6 ft S W N T s „ , P e 0 XW <b tl tc A «y * - $S ( §1 3B. & 
g = 9 . 74MPa ; -V > ^ $ = 0 . 26CPa) t it $ L X , iiWtltff Ll^f 

4$i*«fK) ratSiasiiia^n-t^tjj^TaESLfe. ens, r 1 j suoa 

SWft«-»*BSf^ffl»cJ:-3T^yf-i-rM©S^**tJ!in«*flSiii:*^ , r. L A< 

ot, ffe.n§^^+-ffi©cHci 3 ^©r§s?ii c (;o^tiT s $.'3, £K>i&mmx&z> ( 

CHClsffla-SWNTsHiPcofe^^O. 1 ~ 0 . 2mg/m I ) . H^t/ 
aT'l-SWNT (W=0. 4) CHC 1 3 Si%IlLti$fflt5CtA s iiJn§o 50 
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[ 0 0 4 1 ] 

*<D£«fclliS*SfcL, ArlittlOi«Sii*Jft)t) : 
[ft 6 ] 




10 




20 



8 R « R i 9 *« R > 10 "* R 7 




[ 0 0 4 2 ] 

± f B © # 18 5 ~ 1 8 T' ti , n«»*L<J4 2W±T**t), Rli> R = OC, 0 H 2 , » R 50 
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t § fc #> k. re « l it m <o m m <d mm % a t> * „ m * ts 5 ~ 1 5 » * u ( 7 u - u > 

x^r.U>) T* & D . # t§ 1 6(J^U7i-l/>T$0, » tS 1 7 tt # >J e D - ;l/ T* 9 
[ 0 0 4 3 ] 

BH^Ii»Sfll-SWNTs„ , P c 0 jg ffi tt , jR U * - # * - h- ^ # 'J X ^ U > 
4i!«)lll!«)#'jT-|»tiS-ica*t«ci:#T«S, mMONi£lLj:!)«Rt>' 

[ 0 0 4 4 ] 10 

01] fc L T , 4? y (t£X7i/-;l/AA-#*-h) >UD*Ai»i(125mg/iB] 
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